We compare the degradation of InAs/GaAs quantum well (QW) and quantum dot (QD) laser diodes following irradiation by high energy (8.56 MeV) phosphorous ions. Over a fluence range of 10 8 to 10 11 ions/cm 2 , the degradation of the low temperature QD photoluminescence and electroluminescence emission is greatly suppressed relative to that of QW based devices (x100 and x1000, respectively at the highest dose studied). Irradiated QD laser diodes demonstrated lasing action over the entire range of fluences, and 2 orders of
2 magnitude beyond the maximum dose sustainable by QW devices. The improved damage response of QD based structures results from efficient collection and localisation of electrons and holes by QDs in the active region, which limit carrier transfer to nonradiative centres. This work suggests the suitability of QD device architectures for use in radiation environments, and in high power applications wherever nonradiative processes promote the degradation or failure of traditional QW devices.
Self-assembled semiconductor quantum dots (QD) formed during the initial stages of Stranski-Krastanow growth are under investigation as an alternate platform for traditional quantum-well (QW) based optoelectronic components. The low density of states, and sharply defined eigenenergy levels in these zero-dimensional structures allow the fabrication of devices with improved and often novel characteristics. [1] [2] [3] Of relevance to the present work are observations concerning the efficient transfer of carriers to the QDs in the midst of nonradiative centres. As carriers relaxing to bound states within QDs will generally remain trapped until recombining radiatively, QDs present in areal or volumetric concentrations in excess of those of nonradiative centres will be able to effectively compete against nonradiative processes occurring at these sites. This capability of QD structures allowed the deposition of optically active InAs QDs on silicon 4 , and led to the observation of enhanced photoluminescence (PL) degradation resistance to Argon plasma damage, 5 and to displacement damage generated by ion implantation in InGaAs/GaAs 6, 7 and InAs/GaAs 8 QD structures.
We report on the differential damage response of p-i-n InAs/GaAs/AlGaAs QD and QW laser diodes following irradiation by high energy phosphorous ions . An indium-flush 9 was performed midway through the deposition of each GaAs spacer layer to improve the uniformity of the QD size. A spacer layer thickness of 10 nm allowed strain propagation through the GaAs layers, inducing vertical self alignment of the QDs during growth. 10 The ion irradiations were carried out using the 1.7 MV Tandem accelerator facility located at the University of Western Ontario. Samples were implanted at room temperature using 8.56 MeV P 4+ ions and oriented 7 o off-normal to minimise the effects of ion channelling. The mean ion range calculated by TRIM- . 12 The slight redshift in the as-grown QD peak emission wavelength (1.02 µm) relative to those of the irradiated QD samples in Further experiments involving lithographically defined ridge-waveguide lasers of differing geometries would be required to unambiguously ascertain the dependence of the many important device parameters on the implant damage (i.e. threshold current densities, internal quantum efficiencies, loss coefficients, etc.) It is important to emphasise, however, that while these fabrication issues may lead to some degree of scatter in the operational device parameters, they do not affect the more fundamental nature of the EL observations below threshold where the emission intensities vary in proportion to the injection current and the levels of nonradiative recombination occurring in these structures. Given the importance of efficient radiative carrier recombination in establishing conditions for optical gain, the failure of the 10 10 and 10 11 cm -2 irradiated QW devices to achieve threshold is to be understood in terms of the x100 and x10 000 decreases in the EL intensity relative to the as-grown control sample and not as resulting from those lesser effects described above in relation to the nature of the device fabrication.
In summary, we have determined that active QD optoelectronic devices such as laser diodes can sustain significantly greater irradiation fluences (x100) than comparable QW based structures prior to the onset of failure. This differential response of p-i-n based QW and QD devices is also evident in the induced changes to the spontaneous emission levels below threshold, and are shown to be in qualitative agreement with trends established by PL measurements. The increased functionality of these devices is understood in terms of the reduced in-plane carrier mobility in the QD active region, and the corresponding suppression of charge transfer to nonradiative centres. This work suggests the suitability of QD device architectures for use in radiation environments, and in high power applications wherever nonradiative processes are known to result in the degradation or failure of traditional QW devices.
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